ABSTRACT: This study was constructed to investigate the relationship between renal anaemia and erythropoietin (EPO) concentrations in chronic renal failure (CRF) patients and to evaluate the possible role of the liver. Serum EPO levels were measured in blood samples from 20 CRF patients on hemodialysis (HD), 20 liver cirrhosis (LC) patients, 20 patients having both CRF and LC and undergoing HD, and 20 normal control subjects. Blood cell counts, iron indices (iron, total iron-binding capacity (TIBC) and ferritin), renal function (blood urea nitrogen (BUN) and creatinine), hepatic function (ALT, AST, ALP and bilirubin) investigations were carried out for all the subjects enrolled in this study. CRF patients without LC had serum EPO concentration of 6.21 ± 0.53 mU/ml (mean ± SE), which was significantly higher than that in patients having both CRF and LC (4.32 ± 0.52) (p < 0.01). Both groups showed significantly lower values than the controls (12.75 ± 0.70) (p < 0.001). LC patients with intact kidneys had significantly higher EPO level (22.70 ± 1.70) (p < 0.001). No correlation was found between EPO level and any of the hematologic or iron indices.
INTRODUCTION
Chronic renal failure (CRF) develops due to irreversible renal function deterioration as a consequence of destruction of over 80% of the nephrons. End-stage renal disease (ESRD) is finally reached when more than 90% of the nephrons have been destroyed, and renal function has become impaired to life-threatening extents. Regular dialysis is then essential to sustain life [1, 2] .
Renal anaemia is of multifactorial etiology. The main factor, however, is decreased erythropoietin (EPO) production by the failed kidneys [3] [4] [5] [6] [7] [8] [9] .
EPO is a hematopoietic glycoprotein hormone, synthesized primarily in the kidney by peritubular interstitial fibroblasts. 10-15% of the circulating hormone is produced externally in the liver by both the hepatocytes and other cells (lipocytes, stellate cells or perisinusoidal cells) [10] [11] [12] [13] [14] . Erythropoietin controls erythrocyte production. This action is mediated by specific receptors on the surface of the burst-forming unit-erythroid (BFU-E) and colony-forming uniterythroid (CFU-E) cells, where the EPO-receptor complex is responsible for progenitor cell development into mature erythrocytes. More over, EPO prevents programmed cell death of BFU-E and CFU-E [15] .
Under normal steady-state conditions, the concentration of circulating EPO is regulated mainly by Hb concentration, and is sufficient to maintain the red cell mass and replace senescent and dying erythrocytes. In CRF, the adaptation of EPO levels to Hb concentration is lost, EPO production is seriously disturbed and its levels are much lower than those observed in non-renal anaemias of Assessment of Erythropoietin Levels and Some Iron Indices in Chronic Renal Failure and Liver Cirrhosis Patients comparable severity. Hepatically produced EPO is evidently of no compensatory value [16] [17] [18] [19] .
The present study aimed to investigate the relationship between the state of kidney and liver in CRF and/or LC patients, the level of EPO and the development and/or regression of anaemia.
SUBJECTS AND METHODS

Subjects
This study was conducted on 60 adult male patients: 20 with CRF with a mean age of 51.95 ± 1.66 years (mean ± SE), 20 with LC with a mean age of 52.05 ± 2.08 years and 20 with both CRF and LC with a mean age of 52.40 ± 1.40 years along with 20 normal male control subjects with a mean age of 50 ± 2.22 years. The patients were chosen from the Dialysis Unit and Internal Medicine Department in Ain Shams University Hospital in Cairo, Egypt in the period from January 1994 to May 1995. The control subjects were thoroughly investigated and were confirmed to be free of any renal or hepatic abnormalities. All the CRF patients were undergoing HD for four hours, twice a week. No cases of polycystic kidney disease or diabetic nephropathy were included in this study. The clinical investigations of all the patients confirmed that they suffered only from CRF and/or LC. They had been suffering from these disorders for at least five years before carrying out this study.
Methods
Samples of venous blood were withdrawn from subject after having fasted for twelve hours. For the hemodialysis patients.the samples were withdrawn just before starting dialysis. The hematologic assays were performed and calculated according to the manual standard methods [20] . The renal and hepatic function assays were performed using Synchron CX5 Clinical System (Beckman, USA). Serum iron and TIBC were measured manually using the standard colorimetric method [21] . Serum ferritin was assayed immunologically [22] using the microparticle enzyme immunoassay (MEIA) technique (Abbott Laboratories, Diagnostic Division, USA). EPO was assayed immunologically [23] by radioimmunoassay (RIA) (Diagnostic Systems Laboratories Inc., USA). The results were analyzed using SPSS package (Echo Soft Corp., USA, 1993). TLC, Hb, PCV, MCV, MCH, MCHC, platelet count, ALT, iron, TIBC and EPO were log transformed to approximate normal distribution.
RESULTS
Renal function. The CRF patients with and without LC showed significantly elevated BUN and creatinine levels compared with the controls (P < 0.001) ( Table 1 ). The LC patients showed significantly decreased BUN levels compared with the controls, and consequently, with the other investigated patients groups (P < 0.001), but showed non-significantly different creatinine levels from those of the controls (P < 0.05), but significantly lower than those of the CRF patients with and without LC (P < 0.001). The CRF patients who had also LC had significantly lower BUN and creatinine levels than those without LC (P < 0.01 and P < 0.001 respectively).
Hepatic function. ALT, AST and total bilirubin showed significant elevations in the CRF subjects who also had LC, and in the LC patients compared with both the controls and the CRF subjects who did not have LC (P < 0.001) (Table 1). This latter group showed nonsignificantly different levels from the controls (P > 0.05). However, significantly higher levels were found in the CRF patients who had LC compared with the LC patients (P < 0.001 for ALT and total bilirubin, and P < 0.05 for AST).
Significantly elevated ALP levels were found in all patient groups compared with the controls (P < 0.001). The CRF subjects who had LC had significantly higher levels than those of the CRF subjects who did not have LC (P < 0.001) and the LC subjects (P < 0.01), while the latter two groups showed no significant difference from each other (P > 0.05). A significant positive cor-relation was found only between ALP and BUN in the CRF subjects who had also LC (r = 0.44938).
Hematological results. The hematological results showed parallel changes for RBCs, Hb and PCV in each single group. All the patients groups had significantly lower values than the control group (P < 0.001) ( Table 2) .
Non-significant different MCV values were found in the CRF patients who had LC and the LC patients compared with the controls and with each other (P > 0.05). However, the CRF patients who did not have LC showed significantly lower MCV values than the controls (P < 0.01), the CRF patients having LC (P < 0.05) and the LC patients (P < 0.01).
The platelet count showed no significant changes among the CRF patients who had LC, the LC patients and the controls (P > 0.05), but showed significantly low values in the CRF patients who did not have LC compared with the controls (P < 0.001), the CRF patients who had LC (P < 0.001) and the LC patients (P < 0.01).
Iron indices. Serum iron levels were nonsignificantly different among the controls, CRF patients without LC and the LC patients (P > 0.05) (Table 3 ). However, the CRF patients who had LC had significantly lower iron levels than both the controls and the CRF patients who did not have LC (P < 0.05) but non-significantly different from those of the LC patients (P > 0.05).
No significant change was found in TIBC among the controls and the CRF patients with and without LC (Table 3) , but a significant decrease was found in the LC patients compared with the controls (P < 0.01) and the CRF patients with and without LC (P < 0.05). Ferritin levels were significantly elevated in the CRF patients without LC (P = 0.001), the CRF patients who had LC and the LC patients (P < 0.001) compared with the controls (Table 3) . The CRF patients who had LC had the highest levels among the patients groups (P < 0.001). Also, the LC patients had significantly higher levels than the CRF patients without LC (P < 0.01).
Erythropoietin. Significantly low EPO levels were found in the CRF patients with and without LC compared with the controls and LC patients (P < 0.001) ( Table 3 ). The CRF patients who had LC had significantly lower EPO levels than those without LC (P < 0.01). Also the LC patients had significantly higher EPO levels than the controls (P < 0.001). No correlation was found between EPO and either of RBCs, Hb, PCV or any of the iron indices in the investigated patient groups.
DISCUSSION
Chronic renal failure (CRF) is defined as a substantial and irreversible reduction in renal function, over a period of months to less than 20% of normal. Anaemia is a common complication of CRF with several factors contributing to its pathogenesis [2, 4] . This study attempted to demonstrate some of the biochemical changes associated with the impairment of normal kidney functions in CRF. Some of these changes are of high pathologic importance, as they represent the underlying causes of some diseases ocurring commonly secondary to CRF. Some of the affected biochemical parameters are under dual metabolic control by both the kidney and liver to variable degrees, as has been found on investigating either CRF or LC alone. Association of both diseases together resulted in either intensification or amelioration of these biochemical changes.
In CRF patients with and without LC, BUN and creatinine levels increased significantly as a result of the impaired excretory function of the failed kidneys in those patients, while in LC patients BUN levels decreased significantly due to impaired urea formation by the cirrhotic liver. The role of the kidney in this case was more pronounced than that of the liver.
The elevated levels of ALT, AST and total bilirubin in the CRF patients with LC indicated that renal failure may have an influence on the liver function, exacerbating the existing cirrhotic state of the liver.
These results are in accordance with those of Woitge et al. [24] , who also found significantly increased ALP levels in CRF and in LC patients. They postulated that elevation found in LC was due to the release of the enzyme from the damaged hepatocytes into the plasma; however, the elevation observed in CRF was of non-hepatic origin, and due to increased bone turn-over in those patients.
In CRF patients, the most relevant abnormality is the anaemia and it was thoroughly investigated in this study. CRF patients with and without LC were invariably the most anaemic among the studied subjects. Several investigators reported that CRF patients were severely anaemic [5, 11, 17, 19, [25] [26] [27] [28] [29] . The results from those authors as well as this study indicated a direct and major role of the failed kidney in the development of this anaemia. Also, positive correlations were found in our study between RBCs, Hb and PCV in all the studied groups.
Our results concerning iron level indicated that CRF patients were not iron deficient. This coincides with the report of Steffensen et al. [30] in which 15 ESRD patients were recruited in the study, all of whom were not iron deficient, regardless of the type of dialysis. On the other hand, in an earlier report by Kariyone and Izuya [31] , decreased iron levels were found in CRF patients. In the present study serum iron level and TIBC were invalid for detecting irondeficiency anaemia, since the investigated patients were taking iron therapy and many of them had received multiple blood transfusions, which resulted in restoration of their iron levels to normal. However, the presence of anaemia, as measured by other parameters, associated with these apparently normal iron levels in CRF patients suggests poor utilization of iron by the bone marrow [11] . The observed elevated ferritin levels in CRF patients without LC are in accordance with the results of several other studies [5, 11, 17, 28, 30] . The LC as well as the CRF with LC patients also showed elevated ferritin levels. However, the latter group had the most elevated ferritin levels in this study due to the combined effect of both CRF and LC.
All the investigated CRF patients with and without LC had significantly low EPO levels, whatever the severity of the anaemia. Significantly low EPO levels have been reported in CRF patients by several investigators [11, 15, 17, 19, 25, 32, 33] . On the other hand, Cotes et al. [34] found EPO levels in HD patients that were in the range of normal subjects. Another study by McGonigle et al. [5] reported the presence of high EPO levels in HD patients relative to the controls. However, in all these studies, EPO levels were always relatively low for the degree of anaemia in the investigated subjects and did not increase with increased severity of anaemia.
In our study, only LC patients with intact kidneys showed normal response to their anaemic state manifested in their high EPO levels and milder anaemic state than the CRF patients. This agrees with the results of two reports [25, 35] in which elevated EPO levels were found in anaemic LC patients compared with controls. The elevated EPO levels in LC patients is consistent with a compensatory response of the intact kidney, releasing EPO to stimulate the bone marrow which also explaines the milder anaemic state relative to CRF patients.
Persistence of the anaemic state in CRF patients is primarily due to impaired EPO production as hepatic EPO synthesis failed to compensate. This inevitably led to impaired erythropoiesis. Although further inhibition of EPO synthesis occurred in patients with both CRF and LC, their anaemic state did not differ significantly from those with CRF only, as judged by their RBCs and Hb levels, since the major contribution to serum EPO level is of renal origin. Therefore, the anaemia observed in the investigated CRF patients with and without LC could be considered as renal anaemia. This is confirmed by two main observations. First, iron-deficiency was not a dominant condition among those patients, and many of the patients who had higher serum iron and ferritin levels, and lower TIBC, also had lower EPO levels. Thus it is concluded that poor iron utilization occurred in CRF patients due to the defective erythropoiesis. Poor iron utilization in CRF patients was also reported by Seguchi et al. [11] . The second observation is, that for a given PCV value, a lower EPO level was observed in CRF than in LC patients. A similar observation was reported by Tanebe et al. [32] who found lower EPO levels in renal anaemia than other anaemias of comparable severity.
Additionally, no correlation was found between EPO and Hb or PCV in CRF patients in this study. This agrees with several reports, although some have indicated elevated EPO levels in CRF patients [5, 11, 17, 32, 34, [36] [37] [38] . No correlation was found between EPO and PCV in LC patients either, although Jensen et al. [27] found an inverse correlation between both parameters in LC patients. However, the presence or lack of correlation between EPO and other parameters varies according to the technique employed in measuring EPO levels. Andre et al. [38] found a positive correlation between EPO and Hb using the immunoradiometric assay (IRMA). This correlation was not observed in the same group of patients when RIA measured EPO as in this study. This is because RIA measures both biologically active and inactive EPO fragments, indicating higher EPO levels than IRMA.
The present study suggests that EPO deficiency in CRF patients is the true cause of the observed renal anaemia. Since no valid compensatory mechanism exists, as the liver is responsible for the synthesis of about 10% of that hormone, external supply of the hormone is the only effective means to correct this anaemia [39] .
